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6417 Odana Road
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Dear Mr. Peterson:

Woodward-Clyde Consultants is pleased to transmit the attached copy of the Lake
Management Plan for Mirror Lake. This document fulfills the provisions of the contract
between the Town of Delton/Mirror Lake Association and Woodward-Clyde
Consultants.

We want to personally thank you and the rest of the Mirror Lake Association Board for
your cooperation and assistance during this study. This document provides a sound basis
for taking actions regarding the protection and improvement of Mirror Lake.

The study shows that the lake has periods of poor water quality conditions during the
summer months. The major source of pollution to the lake is nonpoint source runoff
from the rural portions of the lake’s watershed. Several recommendations are made in
the study to assist the Association and local groups in reaching the goal of improved
water quality for Mirror Lake.

We trust you will find this document helpful in meeting your lake management needs.
Thank you again for your cooperation. Please give us a call if there are any other
services that we could provide regarding the protection of Mirror Lake.

Sincerely,

WOODWARD-CLYDE CONSULTANTS

assall L

James A. Bachhuber
Senior Project Scientist
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EXECUTIVE SUMMARY

BACKGROUND

In September of 1992 the Mirror Lake Association, through sponsorship with the Town of
Delton, received a Lake Planning Grant from the Wisconsin of Department of Natural
Resources (DNR). The purpose of the grant was to:

. Conduct a study of the lake's pollution sources;

. Assess the quality of the lake's water based on existing data;
. Predict future trends of the lake's trophic status; and

. Provide recommendations for future lake management needs.

This study was conducted through a contract between the Town of Delton, and Woodward-
Clyde Consultants, of Middleton, Wisconsin. The Mirror Lake Association funded the local
portion of the Lake Planning Grant.

WATER QUALITY
Method of Analysis

Water quality on Mirror Lake from several sources was analyzed to determine present, and
past conditions of the lake. DNR sampling from the mid 1970's and early 1980's was found

to be the earliest water quality data available for Mirror Lake. Secchi disk measurements for

spring, summer, and fall months were available for the period of 1987 to present. This data -

was collected by the Mirror Lake Association through a volunteer monitoring program
administered by the DNR. In 1993, this volunteer sampling program was expanded to include
data on the lake's dissolved oxygen, total phosphorus, and chlorophyll a concentrations.

This data was used to evaluate trends in Mirror Lake's water quality, and to compare the
water quality with other lakes of the area.

SUMMARY-1



Woodward-Clyde

Results of Water Quality Analysis

Water quality analysis indicated that Mirror Lake has a high nutrient content which results
in nuisance levels of macrophyte, algal, and duckweed growth. These water quality
conditions did not appear to change significantly between the monitoring conducted in 1975-

1976 by DNR and the monitoring in 1993 by the Mirror Lake Association.

Dissolved oxygen conditions at the bottom of the lake were found to be insufficient to
support fish in the June, 1993 sampling. This is not uncommon for lakes high in nutrient
content. During most other sampling periods, the lake did not stratify, and dissolved oxygen
concentrations were adequate for supportng fish life.

Comparing Mirror Lake with other lakss in southwestern Wisconsin found that the lake's
water quality was generally about average, or a liftle below average when using the
parameters of total phosphorus, Secchi disk measurements, and chlorophyll a concentration

for comparison.
TROPHIC STATUS TRENDS
Method of Analysis

The available water quality data was usad to classify Mirror Lake as to it's "trophic status"
using an index system developed by Carlson (1977) and used by the DNR. The lake's current
trophic status was then modeled using six different models commonly applied to midwestern
lakes. The model which best fit the monitored conditions of Mirror Lake was the Bachman
and Canfield model for artificial lakes. This model was then used to predict future conditions

of Mirror Lake under various levels of phosphorus source reductions.

Results of Trophic Status Trends Analysis

Water quality monitoring conducted on Mirror Lake indicates that the lake's Carlson Trophic
Status Index value is in the range of 54-60 ("poor" condition). The trophic status modeling
indicated that a 50% reduction in annual phosphorus loading to Mirror Lake would generally
result in an improvement of 40% to 50% in the lake's phosphorus concentrations, chlorophyll
a concentration and water clarity. These changes in water quality would result in a trophic

status index value in the range of 50-54 (“fair" conditions). The study notes that a 50%

SUMMARY-2
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reduction of phosphorus to Mirror Lake could only be accomplished with a very aggressive

and comprehensive program to control nonpoint source pollution.

POLLUTION SOURCES

Method of Analysis

The pollution source investigation focused on sources of phosphorus and sediment to the lake.
These two pollutants have the most direct impact on the lake's water quality, and aesthetics.
Pollutant sources investigated included: upland erosion, bamyard runoff, improperly
functioning septic systems, streambank erosion, construction erosion, atmospheric deposition,
and lake bed sediments. Also, allowances were made to account for the removal of
phosphorus from the lake system through the summer duckweed/macrophyte harvesting that
had taken place on Mirror Lake prior to 1993.

Average annual quantities (or pollution loads) from each of these sources were estimated to
construct a "nutrient budget" for Mirror Lake. The results of this effort indicated the sources
of nutrients and sediments most important in their contribution to Mirror Lake. With this
information, recommendations could be made to focus local governments' efforts to best
protect Mirror Lake.

Results of Pollution Source Analysis

The largest source of sediment to Mirror Lake appears to be cropland erosion from the
agricultural fields in the lake's watershed. Although this land use accounts for about 37% of
the area in the watershed, it contributes about 86% of the sediment to Mirror Lake on an
annual basis. Sediment from construction sites was not quantified in this study. However,
two specific sites of sediment deposition were noted in the lake. Local residents believe that
these sediment deposits are the result of construction at a nearby campground, and from
runoff from the interstate highway bridge. Runoff from the bridge has since been modified
and there is no evidence of continued sediment deposits from the highway runoff. The
construction at the campground has been completed and there is no evidence of recent

sediment deposits at the second site.

The largest source of phosphorus to Mirror Lake also appears to be cropland erosion from

the agricultural fields in the lake's watershed. Cropland erosion accounted for about 84% of

SUMMARY-3
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the annual phosphorus load to the lake. The next largest source was bamyard runoff (6%)
Septic systems, and atmospheric deposition, do not appear to be significant sources of
phosphorus to the lake. The phosphorus contribution from the lake sediments is unknown.
A level of analysis beyond the scope of this report would need to be conducted to estimate
the significance of this source.

RECOMMENDATIONS

As a result of this study a set of recommendations were developed for the Mirror Lake
Association, and/or the Town of Delton. These recommendations were prepared to serve as
a guide to the local groups on what actions could be taken to have the most significant impact

on improving or protecting the water quality of Mirror Lake.
A summary of the recommendations included:

. Re-establishment of the duckweed/Ceratophyllum harvesting at the Dell Creek

inlet area of the lake.

. Reduce nonpoint sources of pollution through the designation of Dell Creek
as a "priority watershed" through DNR's'Nonpoint Source Pollution Abatement
Program.

. Develop local information/education material to help local homeowners in

minimizing potential sources of pollutants from yard and household activities.

. Encourage the Town of Delton (with enabling legislation from Sauk County)

to develop a construction erosion control ordinance.

. Subsequent studies to consider are: 1) a study of the nutrient content of the
Lake's sediment (as a potential source of phosphorus to the lake); and 2) a
field septic survey to identify failing septic systems. Analyzing the sediment
phosphorus contribution is critical to know the significance of this potential

source of phosphorus to the lake system.

SUMMARY-4
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1.0
INTRODUCTION

In July of 1992, the Mirror Lake Association selected a lake study proposal prepared by
Woodward-Clyde Consultants (WCC) to submit for funding through Wisconsin's Lake
Planning Grant Program. The program is administered by the Wisconsin Department of
Natural Resources (DNR) and in September of 1992, the association was awarded a state
grant for 75% of the cost of the study. The remainder of the study is funded by the Mirror
Lake Association. The grant application for this study received widespread local community
support. Local groups including the Town of Delton, the Blass Lake Association, and the
Lake Delton Lake District were involved in the development of the grant application.

The study, as described in the proposal, set out the following objectives:

1. Develop the Lake's Nutrient Budget (phosphorus)

The nutrient budget will help focus remediation measures to the most significant

pollutant sources and help predict the potential water quality goals for the lake.
To develop the nutrient budget a watershed evaluation estimating the quantity and
quality of runoff to the lake would be conducted. The nonpoint source pollution will

be quantified by land use type within the watershed.

2. Water Quality Monitoring/Trends in Lake Trophic Status

The DNR and Lake Association have collected water quality data on the lake over the
past several decades. In 1993, the Lake Association increased its monitoring effort
by becoming involved in DNR's Expanded Self-Help Monitoring program. Through
this program, the Lake Association collected nutrient, chlorophyll a, temperature,
dissolved oxygen, and Secchi disk measurements at three locations on the lake, bi-
monthly from April through October. This data will be analyzed and used to help
document water quality trends. With the use of a computer model, future trophic
conditions will be predicted with various levels of nutrient control.

3. Develop a Lake/Watershed Management Plan

1-1
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The topics included in the plan are:

o Recommendations on the types of management measures and approaches to
best control the pollution sources, and manage the lake to meet the user needs.

o Estimated costs of the various management measures.
o A description of potential funding sources to implement the recommendations.
o The use of a lake trophic status model to predict changes in the lake's quality

as a result of the recommended nonpoint source control measures.

The study is documented within this report.

1-2
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200
BACKGROUND AND SETTING OF MIRROR LAKE

21  GENERAL INFORMATION

Mirror Lake is a 137 acre impoundment in Sauk County, Wisconsin (see Figure 2-1). The
maximum depth is about 19 feet. The lake is considered nutrient rich (eutrophic), and has
experienced duckweed nuisance conditions for many years. There is also an abundance of
rooted macrophytes in the littoral zone of the lake. Algae blooms on the lake have not been
reported at nuisance levels. The Wisconsin Dells, a popular tourist area, is within five miles
of the lake. |

2.2 THE WATERSHED AND LAND USE

The Mirror Lake watershed encompasses approximately 65 square miles. The topography of
the area consists of gentle hills with steep sandstone outcrops along the river and creek

valleys. The soils are generally glacial outwash sands.

The land use of the watershed i1s mostly rural agricultural. The agricultural land use is
dominated by dairy farming operations. Public lands also make up a significant portion of
the rural land use. Mirror Lake State Park is 2,050 acres in size and accounts for a majority
of the shoreline property on the lake. Also, the Dell Creek State Wildlife Area encompasses
2,125 acres within the watershed. Commercial properties on, or near the lake include two
private campgrounds and a restaurant/resort. The private campgrounds have a total of about
650 camp sites. Mirror Lake State Park has a total of 144 camp sites. There is one
condominium complex on the lake near the outlet. The rest of the shoreline land use is in
single family houses. There are approximately 35 homes around the lake. There are no

incorporated communities in the watershed. Table 2-1 shows a breakdown of the land use.
2.3 WATER RESOURCES OF THE WATERSHED
Besides Mirror Lake, there are no other named lakes within the watershed. According to

DNR records, a log mill dam on Dell Creek (at the current dam location) was constructed in

1857. The dam underwent improvements and rehabilitation several times

2-1
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TABLE 2-1
LAND USE COVER IN THE MIRROR LAKE WATERSHED

Cropland 15,591 (37%)
Pasture ' 3,176 (8%)
Woodland/Open Lands 22,211 (53%)
Residential 935 (2%)
Commercial 187 (<1%)

| Total: | 42,100 (100%)

Source: WCC 1993 Lake Management Study.

over the years. The latest refurbishment was conducted in 1976 - 1977. In 1977, Sauk

County took over ownership of the dam.

The lake supports a warm water fishery including walleye, northern pike, large mouth bass,
and panfish (DNR 1991). The lake has a no wake restriction on motor boats throughout the
lake.

The named tributaries to Mirror Lake are Dell Creek and Harrison Creek. There are several
other unnamed tributaries to Mirror Lake on the north and south sides of the lake. In addition
to these tributaries, Beaver, and Camel Creeks feed Dell Creek. Dell Creek, Camel's Creek,
Harrison Creek, and Beaver Creek are all classified as "Class II" trout streams by the
Wisconsin Department of Natural Resources.

2-2
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3.0
WATER QUALITY CONDITIONS/TRENDS

3.1 METHODS

Water Quality sampling of Mirror Lake was conducted by local volunteers through two DNR
programs. The first program is the Self-Help Monitoring Program. Since 1987, local
volunteers have collected Secchi disk measurements about every two or three weeks between
April and October. These measurements were obtained from three sites on the lake (see

Figure 3-1). Results from this sampling are summarized below on Table 3-1.

Beginning in the Spring of 1993, the Mirror Lake Association became involved in a second
monitoring program called the Expanded Self-Help Monitoring Program. Through this
program, additional water quality parameters were measured by local citizen volunteers. In
April, June, July, and August, the three sites used for the Secchi disk monitoring were also
sampled for temperature, dissolved oxygen, chlorophyll a, and total phosphorus. The
dissolved oxygen, temperature, and total phosphorus measurements were obtained for the
entire "profile" of the site. This means that the parameters were sampled at various depths

at each site. The results of this sampling are summarized below on Table 3-2.

Between 1975 and 1977 the DNR Bureau of Research sampled water quality at a single site
on Mirror Lake four times a year. The analyses included a dissolved oxygen and temperature
profile, nutrient concentrations, and Secchi disk measurements. These data are shown on
Table 3-3 following.

3-1
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4.0
LAKE TROPHIC STATUS/TRENDS

41 BACKGROUND INFORMATION

One measure of a lake's water quality is by the classification of it's “trophic status". The
trophic status is a general description of the nutrient level in a lake. Mirror Lake is
considered eutrophic based upon past monitoring results. This eutrophic condition can be
characterized by frequent blooms of blue-green algae and/or dense growths of macrophytes
(lake weeds). Mirror Lake often has nuisance levels of duckweed (a floating macrophyte) and
rooted macrophytes (especially Ceratophyllum demersum - coontail).

Three measurements of a lake's trophic status are water clarity, (measured with a Secchi disk),
Chlorophyll-a concentrations, and total phosphorus concentrations.

Water Clarity Measuring water clarity with a Secchi disk is an easily understood indication
of "how green" a lake is perceived to be. Classification of clarity depths related to a trophic

status index is shown on Table 4-1.

Chlorophyll-a Chlorophyll-a is a photosynthetic pigment found in algae. This parameter is
a direct measure of the algal biomass. This measurement varies widely throughout the
summer depending on the algal bloom cycle. Table 4-1 shows the classification of

Chlorophyll-a concentrations relative to perceived water quality.

Phosphorus Concentrations Phosphorus is generally the nutrient most responsible for
supporting the excessive algae growths. When a lake's surface layer of water is high in

phosphorus, high algae production can be expected. Classification of total phosphorus

concentrations are shown in Table 4-1.

For purposes of predicting potential future changes in Mirror Lake the Bachman and Canfield,
1979 model for artificial lakes was chosen. Although the modeled values do not closely

match the monitored conditions, the per cent of change in the parameters

4-1
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TABLE 4-1: WATER QUALITY INDEX FOR WISCONSIN LAKES BASED ON
TOTAL PHOSPHORUS, CHLOROPHYLL 4 CONCENTRATIONS, AND WATER

CLARITY
Excellent <.001 >20 <1 <34
V. Good 001-.01 10-20 1-5 34-44
Good 01-.03 6-10 5-10 44-50
Fair 5-6 10-15 50-54
Poor 54-60
V. Poor >.15 <3 >30 >60
*After Carlson (1977) "<" means "less than"
Source: DNR Technical Bulletin 138 (1983) ">"means "greater than"

** Shaded values show Mirror Lake condition based on average of 1987-1993
sampling.

may be applicable to predict future changes in Mirror Lake's condition. These predicted

changes are shown on Table 4-4 for various phosphorus reduction levels.
4.2 MODEL SELECTION

A trophic status model predicts the lake's future water quality in terms of these parameters
based on projected reductions in nutrient (phosphorus) pollution from the watershed. For
example: "The average summer Secchi disk is currently 'X' feet. With a reduction of
phosphorus pollution of 'Y %' (through nonpoint source control practices), the future

summer Secchi disk measurements can be expected to be 'Z' feet.”

The trophic status modeling was conducted using software available from the DNR for
common lake situations in Wisconsin. There are several models to chose from to compare
to the actual monitored conditions within Mirror Lake. Table 4-3 compares the trophic
models' results with the monitored conditions. The models tested did not produce results
very close to the monitored conditions. The reason for this is likely the unusual shape of

Mirror Lake. The lake has distinct lobes to the west and south which meet to form the

central area. The western lobe is connected to the rest of the lake by a long, narrow.

4-2



